In vitro mutagenesis of Escherichia coli citrate synthase to clarify the locations of ligand binding sites.
In vitro mutagenesis techniques have been used to investigate two structure-function questions relating to the allosteric citrate synthase of Escherichia coli. The first question concerns the binding site of alpha-keto-glutarate, which is a structural analogue of the substrate oxaloacetate and yet has been suggested to be an allosteric inhibitor of the enzyme. Using oligonucleotide-directed mutagenesis of the cloned E. coli citrate synthase gene, we prepared missense mutants, designated CS226H----Q and CS229H----Q, in which histidine residues at positions 226 and 229, respectively, were replaced by glutamine. In the homologous pig heart citrate synthase it is known (Wiegand, G., and Remington, S. J. (1986) Annu. Rev. Biophys. Biophys. Chem. 15, 97-117) that the equivalent of His-229 helps to bind oxaloacetate, while the equivalent of His-226 is nearby. Kinetic and ligand binding measurements showed that CS226H----Q had a reduced affinity for oxaloacetate and alpha-ketoglutarate, while CS229H----Q bound oxaloacetate even less effectively, and was not inhibited by alpha-ketoglutarate at all under our conditions. This parallel loss of binding affinities for oxaloacetate and alpha-ketoglutarate, in two mutants altered in residues at the active site of E. coli citrate synthase, strongly suggests that inhibition of this enzyme by alpha-ketoglutarate is not allosteric but occurs by competitive inhibition at the active site. The second question investigated was whether the known inhibition by acetyl-CoA of binding of NADH, an allosteric inhibitor of E. coli citrate synthase, occurs heterotropically, as an indirect result of acetyl-CoA binding at the active site, or directly, by competition at the allosteric NADH binding site. Using existing restriction sites in the cloned E. coli citrate synthase gene, we prepared a deletion mutant which lacked 24 amino acids near what is predicted to the acetyl-CoA-binding portion of the active site. The mutant protein was inactive, and acetyl-CoA did not bind to the active site but still inhibited NADH binding. Thus acetyl-CoA can interact with both the allosteric and the active sites of this enzyme.